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I II t rod uc t i on 

,: i ter .rivesti :ation. ?his a,tlce allows secondtiry e l ec trons  t o  l & V e  it 

,.if- 

I - cethode 
I3 - Yamday cyl inder 

rv - c o l l e c t o r  
111 - emitter of sec.Zs1. 



reach dlaphragn (4).  

ilisgmm of coansctions is show i n  the  pis.  1. m e t e r  AI reds  PLL1 mode 

cur'rent, A2 reeds secondwy anode current .  

om-weight along c y l i n d e r  (2). 

c y l i n d e r  no secondary e l e c t r o r s  i iq leave t h e  tylinaer (2). %hi16 A,, 

8s  rial1 es A i  reads fu l l  s n d e  curren t .  

the f r o n t  diaphragm of t h e  cy l inde r  timn d l  secondary e l e c t r o n s . m ?  ba . 

:.,irror t3) may oe  rmred by its 

',;hen i t  is l oca t ed  bit t h e  bottom of t he  * 
u 

If the m i r r o r  i s  l o c z t e d  neer 

e l e c t r o n  c u r r e n t ,  while is t he  i i f f e r e n c e  bet:,een p r i m a r y  Y n J  secondt i ry  

currenta A, 3s before w i l l  show f u l l  cnoie curren t .  ) i f f e renee  of re::jin-s of  t h e  

0 c o e f f i c i e n t s ;  

give p r e c i s e l y  t h e  wm P e u l t s .  

c , 
C o c s t r u c t i o n  o f  t e s t  t i ihe .- fq.  4 ;  $50-1, 
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? ‘  
.o ’ ei sure distri!n,Atio:i of seco:idbry e l e c t r o n s  in#angle of depa r tu re ,  8 

!.:-:i,-e t .h c4: i s t rac ted  t:s s b o w i  i n  flip?. 2. -*re a c s t h o l e  ill, c o n s i s t i n g  

( \ I *  :. ao ; i  i t’c~c i d i n  * cup w i t n  iucendescent s p i r t 1  a% the  c e n t e r  of its base, 

ser\e,c as a sodrce 01’ primer:; e l ec t rons .  rhey ecter an b c c e l e r e t i n g  f ie ld . 

: e t : . e e ! ~  ttie cbthode con ica l  head of anode (2). i n  reach$:.;; the o e l o c f t y  

:etctr:7Ined :IY t h  anode p s t s r t i u l ,  t h e  e l e c t r o n s  go tLrou& a n a r r o w  throat; in t h e  

I , ~ : . ~ J  {:’) -And i:kto I; sphere  i 4 )  bere they s t r i k e  & n ? i r - * O r  of matef’isl under 

i ; . v e s t i  :?tior,,  aelled t o  the end of the  &node ( 6 ) .  because of  the  head (2) and 

1 

\ 

t h e  -I.herc: [ 4 ) ,  the  secondary e l e c t r m s  disperse i n  t h e  F&raby  space without  any . 

+ x t  arnc.1 i i s t a r h i n  7 i n f luence .  apherc. ;4 )  has a nt.rro* long i tud ina l  slot for 

rssil1.- secondary e l e c t r o n s  i n  ;he l i rec’ ion o f  9 Collector 9 ) .  &he Surface e 

f h *  .pherp ! 4 )  o r e c e i v e  the  b e m  of the secondary plectrona.  -his was 

:na le tcl c * l i m i r u : t t .  the ei’fact of t h e  e,>iissioh f r 0 . 1  t h e  c o l l e c t o r  caused by the 

s ) i ) ~ ~ ~ i .  -3 d i s t r i o u t e d  i:. sac:. ti %e., thtt kha:i ctl2 turns, one m y  suceevs ive ly  

L ) ~ ’ ~ I I  vt l r1c)us  po r t io i , s  Oi‘ t he  d o t  i i i  t he  sphere (4!, while  o t h e r  portions uf 

:Jot tire  close^. I n  t h i s  way, while measuring c u r r a n t s  t o  the  colldctor from f 

v:.rious openinzs ,  3 ; e  may judse the r e l e t i v e  nwiner df’ e l e c t r o n s  leov-iq material 
. .  

I 

Anode ( 0 )  e s  w e l l  R S  t he  cup 110) which ’supports the 
~ i r e c t i o n s  . -L>:  - ”yp!’ 
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The sphere ( 4 )  is ml ie  of so l fd  copper tirii i s  t t t s x h e i i  t o  :he ' ~ o i e  ( 2 )  

n icke l ,  Since t h e  f r i c t i o . .  between copper  and nickel  i n  v ~ c u ' m i  i -  i'ocni 

t o  be consiAerable ,  t h e  necd of t h e  mode  hetd cRrries  tin 1ro:I bushin  : 

around which t u r n s  the  cap ( 8 ) .  i'he waict t  t3) is r:det fo lJ i i iL-  t o  irlsert i t  

through ti n a 2 r O w  tube befor- sealiKg i t .  d'igure 13) shons t h e  photoart.ph of 

I 

/ 

..- , 

The, dia + r e m  used 1-n measurements is shown i n  Fit-. 4. r 3 r t i l l t . l  t o  t.he il:vi(*e W P ~ S  

connecteu 3. p o t e n t i m e t e r  havin;. ?esiutsnce of 300 ce -ohm. I'he c o l l e c t o r  

with an m e t e r  land slidin(:  contact mcq be co-nec ted  t o  any p a r t  OK' t he  pahsnt-  

imeter, which g i v e s  i t  any d e s i r e d  p o t e n t i c l .  -he ma::nitule oi' c u r r e n t  

flowing t o  

through t he  potent iometer  and i t s  e f f e c t  o t h e  p o t e n t i a l  of t h e  c o l l e c t o r  

the  c o l l e c t o r  i s  ne,JiYi<ihle coniparbd t o  tilG c i l r ren t  flowing 

asureanents a t  hikm vo l t ages ,  i t  was nbceu-ar . ,  t o  teke s p e c i h l  

cam in  sh.ieldilag of ins t ruments  and take i t i to  accoulrt leakhges.  

@or every value measured, leakage c u r r e r t a  were nleclsured v . i t h  t he  d o t  01' , 

%he sphere covered, and the value of letikege was sub t r ac t ed  from t h e  v b l u e  

read bsfore. . . l th  above precaut ions ,  t h e  va lues  rnensared may be cons i l e red  

very close t o  true values.  

8esults of Eeasuremepts 

The measurements were nade e t  anode p o t e n t i a l s  fron: 5 kv t o  7 5 i . v .  - o u r  



.5. 

are aholrn several Ciame8 which showed the Jepenhnce o f ~ o ?  these metals 

on t h e  v e l o c i t y  of p r l z ~ r y  electrors. 

decendence, that r increases w i t h  the a t a i c  nmnher, is confimwi. 

2 3  is seen thet the p r e V i O U 8 l l  ~zWWIA 
I 
1 

c 

J t . : : ~ ~ 2 d  a:' its oxiiht io; .  shoxed than 6 ,  Chtillge. 

'!.t, .; ; ce  i i s t r i b u t i o n  o f  ::econclery e l e c t r o n 8  from tmg 0 0 '!.t, .; ; ce  i i s t r i b u t i o n  o f  ::econclery e l e c t r o n 8  from tmg 



i' , . 
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a 6 0  
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Sine of tho angle of departure, To dgnons t r a t e  the  above e f f e c t  jn F i K .  6 

the curves,  

slot in the mode  cap  open a i  a t  p o t e n t i a l s  from 20 t o  50 i v .  

t h e  d i s t r i b u t i o n  of v e l o c i t i e s  (speed) rere s ~ c u ~ i e a  i r r e s p e c t i v e l y  of the  

W Z e  Of departure .  r e t e r d i n g  p o t e n t i a l  was impressed on the  c o l l e c t o r  

Ir? t h i s  m y  

f- 

COmeC7t iOn8,  t h e  c b s r a c t e r i s t i c  of t . e  c o l l e c t o r  "0s oStLine9,  frcr:. which 

by numerical d i f f e r e n t i a l  d i s t r i b u t i o n  of v e l o c i t i e s  XRS oota ineds  '=!?e 

collector characteristics are showrl in Y i g .  7. * 

1 

the curve o ondary electror!s (anode 

potential  of 40 Kv.) c d c u l a t e d  from the c o l l e c t o r  CBRrac ter i s t ic .  i w v e v  of  

t h i s  type \eve two maxima; large sha rp  maximum i n  t h e  rehT1on of v e l w i t v  

around 1/5 of primary v e l o c i t i e s  and ano the r  maxirim not so sl-arpl:. pronounoed - 

in the  o rde r  of 9/10 of t h e  primary. 

\ 

I. 

Jsing the  8aFe arrangement us with t e above v e l o c i t y  d i s t r i b u t i o n  rneasureDients, 

we studied v e l o c i t y  d i s t r i b u t i o n  of -econdary e l e c t r o n s  htrvin:- a d e f i n i t e  *:XI -le ** 

Of &&garture. I n  Fig. S are shown c o l l c c t o r  c h a r t A c t e r i c t i c s  oi' e l e c t r o n s  

depa r t ing  at  9.2, 22.3, 35.1, and 47.9,  b t  unode poterit , ihl  of 20 Kv. l t  is 

seen t h a t  t he  gene ra l  ch 'a rac te r i s t ic  of  v e l o c i t y  d i s t r i b u t i o n  for v a r i o u s  

awles of depa r tu re  d i f f a r s  considerably.  
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Rltn t h e  angle  o f  d e p a r t u r e  IncreRising, the number o f  e l e c t r o n s  having 
nia v e l o c i t l e r :  a r e  sha rp ly  Inc reas ing .  
t h e  ~ u i - v e s  snow t m  t the:i are h a r d l y  e l e c t r o n s  w i t h  v e l o c i t i e s  larger 
t hon  '7C; t h e  .)rlrnary. The l a t t e r  measurements a r e  r a t h e r  d i f f i c u l t  t o  
:>er:'orin. The Curren te ,  r e s u l t i n g  i n  s e n a r s t l n g  e l e c t r o n s  d e m r t l n x  i n  
4 P r n n l l  s o l l a  Rngle qna eeoa ra t ing  Wnin  only t h e  One9 hRving B 
n R r t i C u l f i r  v e l o c i t y  Rre exceedingly small. 
e s 4 , e c i s l l y  accoun t lns  f o r  811 t h e  leakage c u r r e n t s  always occur r ing  a t  
nlLh v o l t s g e  me3surements, a r e  extremely d i f f i c u l t .  

"M w v  
* 

\ A t  angle8 emal le r  than  100, 

Measurements o f  such cur:-ents 

---- C o n c l u a  l o n s  

1.  ?Jethod0 o f  rneasuremerP. 8 deac r loed  aoove, ar>pear t o  oe accu ra t e  
nnci r e l a t i v e l y  s imple .  

,'. Snen 9 r i i n e r y  v e l o c l t ,  lncre3ses  ( R t  o o t e n t i a l e  higher than  5Kv.) 

very l i t t l e  wi tn  f u r t h e r  inc rease  o f  orimary v e l o c i t i e s  ( roughly 
~t .,O k v .  ) 

-- 
L Si'adually d e c r e a s e s ,  i-eRchiag R c e r t a i n  mlnimal va lue  caenging 

7 .  w - o f  s e t f i l s  s t u a l e d ,  i n  i t s  numericel  value i s  i n  the  same o r d e r  
8 9  trie ~ t o r n l c  weight o f  t h e  inetsls. 

IC. Space a i s t r i b u t l o n  of secondar ies  depends on t h e  DrimRry v e l o c i t y .  
:Vnen tne  primary v e l o c i t y  Inc reases ,  t h e  frclctlone of secondary 
elect inone a e p a r t i n g  a t  1ar;e angle  inc re f l se s .  

numoer o f  secondar ies  d e m r t i n g  a t  var ioue  Rngles i s  aooroxlmAtely 
ox-o;portLonal t o  the s i n e  of  t h e  angle  of depa r tu re  with  resDect 
t o  t n e  su r face .  1, 

hpve wide d i s t r l o u t i o n  o f  v e l x i t i e e :  
rouC;nly 90-95 % of t h e  orimary v e l o c i t y  . 

7 .  CuIve of  v e l o c i t y  d i s t r i b u t i o n  of Recondary emission from 
t u n g s t e n  h a c  two m x l m ;  one st 9/10 o f , v e l o c l t y  of the primarier 
4na Rnother a t  2/10 or' I t .  

- 

5. For t ungs t en  a t  vrimary v e l o c i t i e s  between 30 Rnd 50 kv the  

e .  Seconaary e l e c t r o n e ,  r e s u l t i n g  from Dombarament a t  r-igh vo l tnges  
Detween 0 mnd up t o  

, 
\ 

I 
~l 

S 8 8 ' - ? ~  . 
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v . *  4, * .E. 
.& &”.i 8. Veloc i ty  d i s t r i b u t i o n  of secondaries  dep~hrti111; a t  vc r ious  t ir if les wries.  

For tungsten w i t h  inereas in ;  t h e  m z l e  o f  J epa r t l l r e  Lhe nilmber 01: hi.-h 
v e l o c i t y  Eeconderies I s  r e p i d l y  i n c r e a s i n r .  F0.r m a l l  tn:Tles CJ:’ 1lepi;rture 
t h e r e  a r e  h a r d l y  any hit-h vel c c i  ‘.y secondar ies .  
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